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Abstract 
 
 Background: Corneal lesions are considered among important ophthalmic conditions in avian patients. Short-term outcome of 

using anti-inflammatory agents in corneal lesions of birds are not well-described. Aims: The study evaluates effects of different anti-

inflammatory agents on healing of alkali burn-induced corneal lesions in layer hens as an avian model. Methods: Adult layers were 

randomly allocated into 7 groups (n=15) as follows: 1. Negative (normal) control (NC), and 2. Positive control (PC) with an 

experimentally induced-corneal lesion, 3-7. Birds with corneal lesions that were treated with dexamethasone, fluorometholone, 

prednisolone, ketorolac, or diclofenac eye-drops every 6 hours (QID) for 5 consecutive days. Results: At the end of the experiment, 

proper healing was observed in PC group based on lesion area, while treated groups showed statistically larger lesion sizes as 

compared to PC birds (P<0.05). Although no significant difference was observed among groups, birds treated with ketorolac, 

diclofenac or fluorometholone had higher histopathological scores for most of the assayed parameters than other groups. Levels of 

tumor necrosis factor-α (TNF-α) and vascular endothelial growth factor (VEGF) in corneal tissue of different groups were 

statistically the same. The mRNA expression of matrix metalloproteinase-9 (MMP-9) was increased 2.5 folds in PC group as 

compared to NC birds. However, birds treated with anti-inflammatory agents showed no detectable expression of MMP-9 mRNA. 

Conclusion: Five days of topical administration of non-steroidal anti-inflammatory agents (NSAIDs) or glucocorticoids (GCs) is 

associated with suppression of MMP-9 mRNA expression in corneal tissue and detrimental effects on wound healing in layers with 

alkali burn-induced corneal ulcers. 
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Introduction 
 

 Corneal lesions including abrasions and ulcers are 

among ophthalmic conditions that are diagnosed in avian 

patients referred to veterinary clinics. Despite having 

eyelids, filoplumes, and nictitating membranes, different 

factors including mechanical or traumatic insults in 

hunting or during reproductive activities can lead to 

severe corneal lesions in birds. Moreover, ulcerative 

keratitis secondary to infections is important in avian 

species. Like mammals, fluorescein staining is routinely 

used for the diagnosis of corneal ulcers in avian species 

(Williams, 1994; Carvalho et al., 2018). 

 Although corneal ulcers usually heal rapidly, 

management of pain and inflammation as well as 

prevention of infection-induced damage are important 

steps to avoid chronic inflammation that may lead to 

pigmentation and neovascularization of the cornea. 

Neovascularization is a serious sequela of corneal lesions 

and can result in complete blindness. Corneal alkali 

burn-induced injuries have been properly used as models 

for evaluation of agents with possible effects on corneal 

neovascularization (Anderson et al., 2014). It has been 

clearly demonstrated that tumor necrosis factor-α (TNF-

α), as an outstanding pro-inflammatory cytokine, can 

promote neovascularization of cornea by different 

mechanisms (Ferrari et al., 2015). Vascular endothelial 

growth factor (VEGF) also has a remarkable role in the 

development of corneal neovascularization after different 

insults. Current therapies for corneal neovascularization 

mostly rely on topical glucocorticoids (GCs) and non-

steroidal anti-inflammatory agents (NSAIDs) (Stevenson 

et al., 2012). 

 Matrix metalloproteinases (MMPs) are 

endopeptidases which are produced by different cell 

types and have a role in diverse physiological and 

pathological processes such as healing. Corneal epithelial 

cells produce matrix metalloproteinase-2 (MMP-2) and 

MMP-9 as their major matrix-degrading enzymes. The 

latter is the most important enzyme that degrades 
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epithelial basement membrane components. It has been 

demonstrated that TNF-α upregulates MMP-9 expression 

at both mRNA and protein level in primary human 

corneal epithelial (HCE) cell cultures in a dose-

dependent manner (Li et al., 2001). Moreover, activated 

macrophages can upregulate VEGF and MMP-9 

expression in rat corneal tissue (Li et al., 2012). 

 Unfortunately, short-term management protocols and 

possible drug options for the control of pain and 

inflammation in corneal lesions of avian species are not 

well-described. Most data are derived from human 

medicine where the use of NSAIDs in corneal lesions has 

shown some inconsistencies. Some reports declare that 

they can be effectively used in the short-term 

management of pain and inflammation associated with 

corneal abrasions without complicating wound healing 

(Calder et al., 2005; Smith and Goldman, 2012; Thiel et 

al., 2017), while other studies performed on animal 

models (Iwamoto et al., 2017) or corneal cell cultures 

report deleterious effects of NSAIDs on corneal lesions 

(Li et al., 2021). 

 Although GCs are among the most widely prescribed 

pharmacological agents in ophthalmic conditions, their 

use in corneal lesions is also controversial. Where a 

prospective, randomized, placebo-controlled trial on 

steroids for corneal ulcers (SCUT) shows that topical 

corticosteroids are safe in patients with bacterial corneal 

ulcers (Srinivasan et al., 2014), a study in rabbits with 

corneal ulcers reported that topical dexamethasone eye-

drops twice a day for 5 days, slows wound healing 

(Araki-Sasaki, 2016). It is routinely declared that topical 

GCs can potentiate corneal ulceration (Stanley, 2008). 

 The lack of information on the possibility of using 

steroidal and NSAIDs in short-term management of 

corneal lesions in avian species, prompted us to evaluate 

the effects of routinely used three different topical GCs, 

and two NSAIDs on the healing outcome of alkali burn-

induced corneal lesions in layer hens as a model for other 

avian species. Lesion size, histopathological features, 

levels of TNF-α, VEGF, and mRNA expression of 

MMP-9 in corneal tissue are assayed. 

 

Materials and Methods 
 

Experimental design 
 The study was performed using a parallel-controlled 

experimental design. One hundred and five commercial 

Lohman-LSL adult (70 weeks of age) layer hens with a 

body weight (BW) of 1463 ± 183 g, were randomly 

allocated into 7 equal groups (n=15 each). After a week 

of adaptation, birds were treated as follows: 1. Negative 

(normal) control (NC) group (birds with normal cornea), 

2. Positive control (PC) group, corneal lesion was 

induced by NaOH alkali burn and these birds received no 

special treatment (only artificial tear-drops with the same 

frequency as treated groups), and 3-7. Treatment groups, 

birds with alkali burn-induced corneal lesion that were 

treated with dexamethasone 0.1% (dex) (Dexon®, Sina 

Darou, Iran), fluorometholone 0.1% (flu) (Fluocort®, 

Sina Darou, Iran), prednisolone acetate 0.1% (pred) 

(Precord®, Sina Darou, Iran) (GC groups), ketorolac 

tromethamine 0.5% (keto) (Sinarolac®, Sina Darou, 

Iran), and diclofenac sodium 0.1% (dic) (Voldic®, Raha 

Pharma Co., Iran) (NSAID groups) eye-drops every 6 

hours (QID) one drop/eye for 5 consecutive days. The 

dosage regimen was based on drug labels as described by 

the manufacturer. All drugs were formulated for human 

use. 

 Birds were kept in separate cages and had free access 

to drinking water and standard feed formulated based on 

their needs as described by the rearing manual. 

 All procedures used in the study are in accordance 

with institutional ethical guidelines which are based on 

the Directive 2010/63/EU on the protection of animals 

used for scientific purposes. 

 
Induction of corneal alkali burn lesion 
 The method used for induction of the corneal lesion 

was based on previous reports in mice (Bai et al., 2016) 

and rabbits (Griffith et al., 2018). Since no study was 

available for the induction of alkali burn corneal lesions 

in birds, a pilot study was performed using different 

concentrations of NaOH as well as different contact 

times. Finally, the lesion was induced by filter papers 

with 5 mm diameters that were soaked in 1 M NaOH and 

were placed for 30 s on the center of the right cornea. 

After lesion induction, the cornea was completely 

washed with normal saline for 1 min. Before lesion 

induction, birds were generally anesthetized with 

intramuscular injection of ketamine (40 mg/kg) and 

midazolam (2 mg/kg) in pectoral muscles. To reduce 

post induction pain, tetracaine 0.5% eye drop was 

instilled once before placing the disks on the corneal 

surface. Fluorescein staining was performed on days 1 

and 6 after lesion induction. Then, photographs were 

made and area of the stained lesion was calculated using 

Zeiss AxioVision LE® software. 

 On day 6, corneal samples were obtained from all 

birds after euthanasia by cervical dislocation. Samples 

from each group were randomly divided into 3 equal 

subgroups for histopathological and biochemical (TNF-α 

and VEGF) assays as well as determination of MMP-9 

mRNA expression. 

 
Histopathological evaluation 
 Corneal samples from each group were fixed in 10% 

formalin and after routine procedures, 5 µm-thick 

perpendicular sections were prepared and stained with 

haematoxylin and eosin (H&E) method. All samples 

were evaluated under a light microscope and then were 

semi-quantitatively scored for lesions in epithelium 

including epithelial erosion, vacuolation and necrosis (0, 

0.5, 1, 2, and 3 for normal, very slight, slight, moderate, 

and severe lesions), pyknotic nuclei in stroma (0, 1, and 

2 for normal, slight, and moderate lesions) as well as 

presence of the stromal fiber disorders or endothelial 

necrosis based on a scoring system provided by OECD 

Annex II (2016). 
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Biochemical assays 
 Corneal samples were kept at -70°C until use. 

Samples were freeze-thawed two times in liquid nitrogen 

and then homogenized in phosphate-buffered saline 

(PBS) (pH = 7.4), centrifuged at 650 g for 20 min and 

supernatants were carefully collected. Chicken TNF-α, 

and chicken VEGF-A sandwich enzyme linked 

immunosorbent assay (ELISA) kits, both produced by 

Bioassay Technology Laboratory, China, were used for 

quantitative assay of TNF-α and VEGF in corneal tissue. 

The intra-assay and inter-assay coefficients of variation 

(CVs) of both kits were <8% and <10%, respectively. 

The procedure was performed as described by the 

manufacturer. 

 

Quantitative real-time polymerase chain 

reaction (PCR) for quantitation of MMP-9 

mRNA expression 
 Total RNA was extracted from corneal tissue using 

SinaPureTM RNA kit (SINACLON, Iran) as per the 

manufacturer’s instructions. The purity of RNA was 

assessed by calculating OD260/OD280 using a Nano 

drop spectrophotometer (NanoDrop, Thermo Scientific, 

USA). Normalization and DNase treatment were 

performed using DNaseI, RNase-free (500 U) 

(SINACLON, Iran) according to the manufacturer’s 

instruction. The cDNA was then prepared from total 

RNA using Sinaclon First Strand cDNA Synthesis kit 

(SINACLON, Iran) as per the manufacturer’s 

instructions in a total volume of 20 μL (3 μL of treated 

RNA was used). The prepared cDNA was stored at -

20°C for downstream applications. The expression of 

MMP-9 mRNA was carried out by using Roche 

lightCycler 480 (Roche, Germany) real-time PCR 

system. A set of primer sequences (Table 1) of chicken 

MMP-9 gene were used that was previously described by 

Nyati et al. (2017). The reaction was performed in a 20 

μL volume containing 3 μL cDNA, 10 μL 2x SYBR 

GreenMaster Low ROX quantitative PCR (qPCR) master 

mix (JenaBioscience, Germany), 3 μL of forward (600 

nM), 1.5 μL of reverse (300 nM) MMP-9 specific 

primers, and 2.5 μL of nuclease free H2O. 

Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 

was utilized as the reference gene. The reaction mixture 

was subjected to initial denaturation at 95°C for 15 min 

followed by 45 cycles of denaturation at 95°C for 15 s, 

annealing at 61°C for 45 s, and extension at 72°C for 30 

s. All experiments were carried out in triplicate. Optical 

data were analyzed using LightCycler® 96 SW 1.1 data 

analysis software. The PCR threshold cycle (Ct) values 

were normalized to the expression levels of the internal 

housekeeping gene, GAPDH, and expressed as fold 

change. Interpretation of the results and determination of 

relative expression levels of MMP-9 mRNA were 

performed using the Pfaffl method (Pfaffl, 2001). 

 

Statistical analysis 
 Data related to histopathological scorings were 

analyzed by Kruskal-Wallis test followed by Dunn’s 

multiple comparisons test. Fisher’s exact test was 

performed for endothelial necrosis and stromal fiber 

disorder data. Other data were analyzed by one-way 

ANOVA method followed by Tukey’s multiple 

comparison test. P<0.05 was considered as the level for 

significant difference in all comparisons. Data analysis 

was performed by GraphPad Prism 6 software. 

 
Table 1: Primer sequences for real-time qPCR (Nyati et al., 

2017) 

Gene Primer sequences (5´-3´) 

GAPDH F: TGCCATCACAGCCACACAGAAG 

R: ACTTTCCCACAGCCTTAGCAG 
 

MMP-9 F: GCTACCCCCGTGACACTGAT 

R: GAAGCTGTCCCGGCAGAAG 

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase 

(Housekeeping gene), MMP-9: Matrix metalloproteinase-9, F: 

Forward, and R: Reverse 

 

Results 
 

Corneal lesion size 
 Figure 1 shows typical photographs of fluorescein-

stained corneal lesions of birds in different groups. As 

previously stated, corneal lesion area was determined on 

days 1 and 6 after induction of lesion. On day 1, the 

lesion area was statistically the same in all groups with 

corneal alkali burn and showed significant difference 

with NC birds (P<0.0001) (Fig. 2A). On day 6, the lesion 

area of birds in PC group was reduced considerably and 

no significant difference was observed between NC and 

PC birds (P>0.05). Groups receiving topical GCs or 

NSAIDs showed statistically larger lesion sizes as 

compared to PC birds (P<0.05 for GCs and P<0.0001 for 

NSAIDs). Although no significant difference was 

observed among treated groups, birds that received 

NSAIDs had slightly larger corneal lesions compared to 

GC-treated groups (Fig. 2B). 

 

Histopathological features 
 Figure 3 shows photomicrographs of corneal tissue 

from birds in different groups at the end of experiment. 

Birds in NC group showed no lesion, while infiltration of  

 

 
 

Fig. 1: Typical photographs of fluorescein stained corneal 

lesions of birds in different groups on day 6. PC: Positive 

control with corneal lesions that received no treatment, Dex, 

Flu, Pred, Keto, and Dic: Birds that received dexamethasone, 

fluorometholone, prednisolone, ketorolac, and diclofenac eye-

drops, respectively 
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A                                             B 

 
 

Fig. 2: Corneal lesion area (mean±SD) in birds of different 

groups on days 1 (A) and 6 (B) after alkali burn induction. nc: 

Negative (normal) control with normal cornea, pc: Positive 

control with corneal lesions that received no treatment, dex, flu, 

pred, keto, and dic: Birds that received dexamethasone, 

fluorometholone, prednisolone, ketorolac, and diclofenac eye-

drops, respectively. Columns with different letters are 

significantly different at P<0.05 

 

 
 

Fig. 3: Photomicrographs of corneal tissue from birds in 

different groups (H&E, ×100) on day 6. A: Negative (normal) 

control (NC) group with normal cornea, B: Positive control 

(PC) group, necrosis of epithelial layer and stroma as well as 

necrosis of endothelium, C: Dexamethasone-treated group, 

moderate vacuolation and slight epithelial erosion, D: 

Fluorometholone-treated group, severe necrosis of epithelial 

layer and stroma as well as necrosis of endothelium, E: 

Prednisolone-treated group, very slight vacuolation and 

epithelial erosion, F: Ketorolac-treated group, severe necrosis 

of epithelial layer and stroma with large number of heterophils 

along with bacterial colonization, and G: Diclofenac-treated 

group, severe necrosis of epithelial layer and stroma with few 

heterophils and necrosis of endothelium 

few heterophils was observed in some birds of PC group. 

Among birds treated with GCs, the severity of 

inflammation and the infiltration of heterophils were 

more prominent in fluorometholone group followed by 

prednisolone; while birds in dexamethasone group had 

the least inflammatory changes. Birds treated with 

ketorolac had the worst outcome with severe 

inflammation and infiltration of many heterophils with 

one bird showing severe corneal tissue necrosis and 

colonization of bacteria. One bird in diclofenac-treated 

group also showed severe heterophils infiltration and 

necrosis. 

 Data related to semi-quantitative histopathological 

scoring of corneal lesions in different groups are 

summarized in Table 2. Although no significant 

difference was observed among groups, birds treated 

with ketorolac and diclofenac as well as fluorometholone 

had higher median scores for most of the assayed 

parameters than other groups. 

 Table 3 shows the percentage of samples with 

endothelial necrosis and stromal fiber disorders in 

different groups. No significant difference was observed 

in these parameters among birds treated with GCs or 

NSAIDs or birds of PC group (P>0.05). 

 

Levels of TNF-α and VEGF in corneal tissue 
 Figure 4A shows that levels of TNF-α in corneal 

tissue of different groups were statistically the same 

(P>0.05). 

 While there was no significant difference among 

groups treated with GCs or NSAIDs with PC group, 

birds in dexamethasone group showed significantly 

higher levels of VEGF as compared to birds in 

fluorometholone and diclofenac groups (P<0.05 for both 

comparisons) (Fig. 4B). 

 
A                                             B 

 
 

Fig. 4: levels (mean±SD) of TNF-α and VEGF in corneal 

tissue of birds in different groups. nc: Negative (normal) 

control with normal cornea, pc: Positive control with corneal 

lesions that received no treatment, dex, flu, pred, keto, and dic: 

Birds that received dexamethasone, fluorometholone, 

prednisolone, ketorolac, and diclofenac eye-drops, respectively. 

Columns with different letters are significantly different at 

P<0.05 

 

MMP-9 mRNA expression 
 Level of MMP-9 mRNA expression showed a 2.5-

fold increase in corneal tissue of PC birds as compared to 

NC group. However, in birds that were treated with 

NSAIDs or GCs no expression of MMP-9 mRNA was
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Table 2: Median (range) of histopathological parameters in different groups on day 6 

Histopathological parameters NC PC dex flu pred keto dic 

Epithelial erosion 0 (0) 1 (0.5-3) 1 (0.5-2) 3 (0.5-3)* 1.75 (0.5-3) 3 (0.5-3)** 2 (0.5-3) 

Epithelial vacuolation 0 (0) 0.5 (0-1) 1 (0.5-2) 0 (0-1) 0.25 (0-0.5) 0 (0-0.5) 1 (0-2) 

Epithelial necrosis 0 (0) 1 (0-3) 0 (0) 3 (0-3) 1.5 (0.3) 3 (0-3) 3 (0-3) 

Pyknotic nuclei in stroma 0 (0) 1 (0-2) 1 (0-2) 2 (0-2) 1 (0-2) 2 (0-2) 2 (1-2)* 
*, ** Signs show significant difference with NC group at P<0.05 and P<0.01, respectively. No significant difference was observed 

among other groups (P>0.05). NC: Negative (normal) control with normal cornea, PC: Positive control with corneal lesions that 

received no treatment, dex, flu, pred, keto, and dic: Birds that received dexamethasone, fluorometholone, prednisolone, ketorolac, 

and diclofenac eye-drops, respectively 

 
Table 3: Percentage of samples with endothelial necrosis and stromal fiber disorders in different groups on day 6 

Histopathological parameters NC PC dex flu pred keto dic 

Endothelial necrosis 0% 100%** 75%* 80%* 75%* 80%* 60%* 

Stromal fibers disorders 0% 0% 0% 20% 0% 20% 0% 
*, ** Signs show significant difference with NC group at P<0.05 and P<0.01, respectively. No significant difference was observed 

among other groups (P>0.05). NC: Negative (normal) control with normal cornea, PC: Positive control with corneal lesions that 

received no treatment, dex, flu, pred, keto, and dic: Birds that received dexamethasone, fluorometholone, prednisolone, ketorolac, 

and diclofenac eye-drops, respectively 

 
detected in real-time PCR assay. 

 

Discussion 
 

 Our study investigated the effects of short-term 

administration of five different GC and NSAID eye-

drops on alkali burn corneal injury in layer hens as a 

model for avian species. 

 Based on our observations, GCs and NSAIDs (with 

slightly more intensity) adversely affect wound healing 

in birds’ corneas with alkali burn injury as demonstrated 

by evolution of large wounds with more severe 

histopathological changes. This is in stark contrast with 

some previous clinical reports in humans that support 

short-term administration of these agents for pain and 

inflammation management of corneal injuries without 

appreciable deterioration of wound healing (Calder et al., 

2005; Smith and Goldman, 2012; Srinivasan et al., 2014; 

Thiel et al., 2017). 

 Although the avian cornea is histologically similar to 

mammals with five layers, cornea of most bird species is 

thinner than mammals (Carvalho et al., 2018). Therefore, 

it seems that the penetration of topical agents to corneal 

structures of birds may be more prominent than their 

mammalian counterparts. The relatively short dosing 

intervals may also play a role in this regard. 

 Different mechanisms are proposed for the 

deleterious effects of NSAIDs or GCs on corneal lesions. 

For instance, in a study by Iwamoto et al. (2017); short-

term diclofenac eye-drop QID delayed wound healing in 

a mouse model of surgically-induced corneal ulcer by 

reducing production of 12-hydroxyheptadecatrienoic 

acid, as a ligand for leukotriene B4 receptor 2. 

Diclofenac has also triggered apoptosis in HCE cells (Li 

et al., 2001). Induction of apoptosis in human corneal 

cells (Ryu et al., 2017) as well as attenuation of cell 

migration (Kadmiel et al., 2016) have also been reported 

due to corticosteroids. 

 Chemical burns result in a severe increase in VEGF 

expression in affected corneal tissue of humans (Philipp 

et al., 2000). On the other hand, expression of TNF-α as 

one of the most potent inflammatory cytokines is 

upregulated 24 h after alkali burn injury in mice (Cade et 

al., 2014). In contrast, we did not find a significant 

difference in VEGF or TNF-α levels between NC and PC 

groups on day 6 of the experiment. This observation may 

be related to the time of sampling and/or proper healing 

with relatively low histopathological lesions in PC 

group. 

 Interestingly, despite the presence of more severe 

lesions and larger wounds in GC and NSAID-treated 

groups, we did not find a significant difference in VEGF 

levels of corneal tissues from these birds as compared to 

that of PC group. Administration of NSAIDs has been 

associated with a significant decrease of VEGF levels in 

injured rat corneas (Castro et al., 2004) and 

dexamethasone has downregulated VEGF expression in 

immortalized HCE cells (Kadmiel et al., 2016). 

Therefore, the reason that we did not find a significant 

change in corneal VEGF level of treated vs. non-treated 

birds, can be related to the suppressing effects of anti-

inflammatory agents on VEGF levels, despite the 

presence of large wounds. 

 As aforementioned, birds treated with NSAIDs 

especially ketorolac as well as birds that received 

fluorometholone had the worst outcome with severe 

inflammation in histopathological evaluation. However, 

we observed only a slight increase in TNF-α levels of 

birds in these groups compared to PC birds. In the 

cornea, TNF-α is expressed by the epithelium, stroma, 

and endothelium and inflammation can increase its 

expression by these three layers. Inflammatory cells, 

primarily activated macrophages and T lymphocytes, can 

also produce this cytokine (Ferrari et al., 2015). In 

histopathological evaluation, we observed severe lesions 

in the corneal epithelium, stroma, and endothelium of 

NSAID-treated birds as well as birds in the 

fluorometholone group. Inflammatory cells in corneal 
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slides at the time of sampling were mostly heterophils. 

These observations can describe the insignificant 

increase in TNF-α level of corneal tissue in birds treated 

with NSAIDs or fluorometholone despite obvious 

inflammation. On the other hand, it has been clearly 

demonstrated that GCs can suppress TNF-α synthesis by 

activated inflammatory cells, in vivo (Steer et al., 2000). 

This effect may also be important in explaining 

statistically the same levels of TNF-α which was 

observed among GC-treated and NC or PC birds. 

 In 2016, Gao et al. reported that alkali burn corneal 

injury in rabbits is associated with a significant increase 

in MMP-9 level of aqueous humor (Gao et al., 2016). 

Despite proper healing of the corneal ulcer, we observed 

a 2.5-fold increase in mRNA expression of MMP-9 in 

corneal tissue of PC birds as compared to NC group. 

Although excessive expression of MMPs can be 

detrimental, these enzymes have a decisive role in all 

stages of the corneal healing process. They degrade the 

extracellular matrix and therefore play an important role 

in wound healing (Singh et al., 2012). Matrix 

metalloproteinase-9 contributes to epithelial repair and 

remodeling of the stroma and also promotes migration of 

basal epithelial cells. It has a role in remodeling the 

subepithelial basement membrane region (Kaya et al., 

2021). These roles can describe the reason behind the 

increased mRNA expression of MMP-9 which was 

observed in PC group of the current study. 

 It has been well established that the release of 

cytokines in corneal injuries can trigger up regulation of 

several MMPs by epithelial cells. Granules of recruited 

neutrophils are also a source of preformed MMP-9 

enzyme (Mulholland et al., 2005). Interestingly, despite 

the presence of heterophils in corneal tissue of birds with 

alkali burn treated with GCs or NSAIDs, we did not 

detect MMP-9 mRNA in corneal tissue of these groups. 

This observation could be related to severe destruction of 

epithelial cells as a major source for enzyme production. 

Suppressing effects of GCs on MMP-9 expression may 

also be important. Accordingly, De Paiva et al. (2006) 

clearly showed that methylprednisolone suppresses 

MMP-9 expression in corneal epithelium of mice with 

experimental dry eye (De Paiva et al., 2006). The 

suppressive effect of dexamethasone on MMP-9 

expression in corneal lysates has also been reported in 

mice with an ocular alkali burn along with desiccating 

stress (Bian et al., 2016). Limited knowledge is available 

on the effect of NSAIDs on MMP-9 expression in 

corneal injuries. In a study by Reviglio et al., 2003, 

administration of ketorolac or diclofenac eye-drops was 

not associated with a significant change in enzymograms 

of rat corneas with debrided epithelium as compared to 

animals that received artificial tears. This inconsistency 

may be related to different animal models or other 

determining factors. 

 In conclusion, 5 days of topical administration of 

NSAIDs or GCs is associated with suppression of MMP-

9 mRNA expression in corneal tissue and detrimental 

effects on corneal wound healing in layers with alkali 

burn-induced corneal ulcers. 

Acknowledgement 
 
 Authors are thankful to Shiraz University, School of 

Veterinary Medicine for financial support of this study. 

 

Conflict of interest 
 
 Authors declare no conflict of interests. 

 

References 
 
Anderson, C; Zhou, Q and Wang, S (2014). An alkali-burn 

injury model of corneal neovascularization in the mouse. J. 

Vis. Exp., 86: e51159. 

Araki-Sasaki, K; Katsuta, O; Mano, H; Nagano, T and 

Nakamura, M (2016). The effects of oral and topical 

corticosteroid in rabbit corneas. BMC Ophthalmol., 16: 1-

6. 

Bai, JQ; Qin, HF and Zhao, SH (2016). Research on mouse 

model of grade II corneal alkali burn. Int. J. Ophthalmol., 

9: 487-490. 

Bian, F; Shin, CS; Wang, C; Pflugfelder, SC; Acharya, G 

and De Paiva, CS (2016). Dexamethasone drug eluting 

nanowafers control inflammation in alkali-burned corneas 

associated with dry eye. Invest. Ophthalmol. Vis. Sci., 57: 

3222-3230. 

Cade, F; Paschalis, EI; Regatieri, CV; Vavvas, DG; Dana, 

R and Dohlman, CH (2014). Alkali burn to the eye: 

protection using TNF-α inhibition. Cornea. 33: 382-389. 

Calder, LA; Balasubramanian, S and Fergusson, D (2005). 

Topical nonsteroidal anti-inflammatory drugs for corneal 

abrasions: meta-analysis of randomized trials. Acad. 

Emerg. Med., 12: 467-473. 

Carvalho, CMD; Rodarte-Almeida, ACDV; Santana, MIS 

and Galera, PD (2018). Avian ophthalmic peculiarities. 

Ciência Rural. 48: e20170904. 

Castro, MR; Lutz, D and Edelman, JL (2004). Effect of 

COX inhibitors on VEGF-induced retinal vascular leakage 

and experimental corneal and choroidal neovascularization. 

Exp. Eye Res., 79: 275-285. 

De Paiva, CS; Corrales, RM; Villarreal, AL; Farley, WJ; 

Li, DQ; Stern, ME and Pflugfelder, SC (2006). 

Corticosteroid and doxycycline suppress MMP-9 and 

inflammatory cytokine expression, MAPK activation in the 

corneal epithelium in experimental dry eye. Exp. Eye Res., 

83: 526-535. 

Ferrari, G; Bignami, F and Rama, P (2015). Tumor necrosis 

factor-α inhibitors as a treatment of corneal 

hemangiogenesis and lymphangiogenesis. Eye Contact 

Lens. 41: 72-76. 

Gao, M; Sang, W; Liu, F; Yu, H; Zhou, R; Belin, MW;  

Zloty, P and Chen, Y (2016). High MMP-9 expression 

may contribute to retroprosthetic membrane formation after 

KPro implantation in rabbit corneal alkali burn model. J. 

Ophthalmol., 2016: Article ID:1094279. 

Griffith, GL; Wirostko, B; Lee, HK; Cornell, LE; 

McDaniel, JS; Zamora, DO and Johnson, AJ (2018). 

Treatment of corneal chemical alkali burns with a 

crosslinked thiolated hyaluronic acid film. Burns. 44: 1179-

1186. 

Iwamoto, S; Koga, T; Ohba, M; Okuno, T; Koike, M; 

Murakami, A; Matsuda, A and Yokomizo, T (2017). 

Non-steroidal anti-inflammatory drug delays corneal 

wound healing by reducing production of 12-



 
Iranian Journal of Veterinary Research, Shiraz University 

 

IJVR, 2021, Vol. 22, No. 3, Ser. No. 76, Pages 188-194 

194 

hydroxyheptadecatrienoic acid, a ligand for leukotriene B 4 

receptor 2. Sci. Rep., 7: 1-10. 

Kadmiel, M; Janoshazi, A; Xu, X and Cidlowski, JA (2016). 

Glucocorticoid action in human corneal epithelial cells 

establishes roles for corticosteroids in wound healing and 

barrier function of the eye. Exp Eye Res., 152: 10-33. 

Kaya, SG; Inanc-Surer, S; Cakan-Akdogan, G; Oktay, G, 

Utine, CA and Kalyoncu, S (2021). Roles of matrix 

metalloproteinases in cornea: a special focus on macular 

corneal dystrophy. Med. Drug Discov. [In press]. doi: 

https://doi.org/10.1016/j.medidd.2021.100095. 

Li, H; Fan, TJ; Zou, P and Xu, B (2021). Diclofenac sodium 

triggers p53-dependent apoptosis in human corneal 

epithelial cells via ROS-mediated crosstalk. Chem. Res. 

Toxicol., 34: 70-79. 

Li, ZR; Li, YP; Lin, ML; Su, WR; Zhang, WX; Zhang, Y; 

Yao, L and Liang, D (2012). Activated macrophages 

induce neovascularization through upregulation of MMP-9 

and VEGF in rat corneas. Cornea. 31: 1028-1035. 

Li, DQ; Lokeshwar, BL; Solomon, A; Monroy, D; Ji, Z and 

Pflugfelder, SC (2001). Regulation of MMP-9 production 

by human corneal epithelial cells. Exp. Eye Res., 73: 449-

459. doi: 10.1006/exer.2001.1054. PMID: 11825017. 

Mulholland, B; Tuft, SJ and Khaw, PT (2005). Matrix 

metalloproteinase distribution during early corneal wound 

healing. Eye. 19: 584-588. 

Nyati, KK; Prasad, KN; Agrawal, V and Husain, N (2017). 

Matrix metalloproteinases-2 and -9 in Campylobacter 

jejuni-induced paralytic neuropathy resembling Guillain-

Barré syndrome in chickens. Microb. Pathog., 111: 395-

401. 

OECD (2016). ANNEX II: Atlas of histopathological lesions of 

isolated chicken eyes. Addendum to Draft Revised GD 160 

v. 21 Dec. 2016. https://www.oecd.org/env/ehs/testing/ 

AnnexII_DraftRevisedGD160_21Dec2016_compressed_im

ages.pdf. 

Pfaffl, MW (2001). A new mathematical model for relative 

quantification in real-time RT-PCR. Nucleic Acids Res., 

29: e45. 

Philipp, W; Speicher, L and Humpel, C (2000). Expression 

of vascular endothelial growth factor and its receptors in

inflamed and vascularized human corneas. Invest. 

Ophthalmol. Vis. Sci., 41: 2514-2522. 

Reviglio, VE; Rana, TS; Li, QJ; Ashraf, MF; Daly, MK and 

O’Brien, TP (2003). Effects of topical nonsteroidal 

antiinflammatory drugs on the expression of matrix 

metalloproteinases in the cornea. J. Cataract Refract Surg., 

29: 989-997. 

Ryu, JS; Ko, JH; Kim, MK; Wee, WR and Oh, JY (2017). 

Prednisolone induces apoptosis in corneal epithelial cells 

through the intrinsic pathway. Sci. Rep., 7: 4135. 

Singh, A; Maurya, OP; Jagannadhan, MV and Patel, A 
(2012). Matrix metalloproteinases (MMP-2 and MMP-9) 

activity in corneal ulcer and ocular surface disorders 

determined by gelatin zymography. J. Ocul. Biol. Dis. 

Infor., 5: 31-35. 

Smith, CH and Goldman, RD (2012). Topical nonsteroidal 

anti-inflammatory drugs for corneal abrasions in children. 

Can. Fam. Physician. 58: 748-749. 

Srinivasan, M; Mascarenhas, J; Rajaraman, R; Ravindran, 

M; Lalitha, P; Ray, KJ; Zegans, ME; Acharya, NR; 

Lietman, TM and Keenan, JD (2014). Steroids for 

corneal ulcers trial group. Visual recovery in treated 

bacterial keratitis. Ophthalmology. 121: 1310-1311. 

Steer, JH; Kroeger, KM; Abraham, LJ and Joyce, DA 
(2000). Glucocorticoids suppress tumor necrosis factor-

alpha expression by human monocytic THP-1 cells by 

suppressing transactivation through adjacent NF-kappa B 

and c-Jun-activating transcription factor-2 binding sites in 

the promoter. J. Biol. Chem., 275: 18432-18440. 

Stevenson, W; Cheng, SF; Dastjerdi, MH; Ferrari, G and 

Dana, R (2012). Corneal neovascularization and the utility 

of topical VEGF inhibition: ranibizumab (Lucentis) vs 

bevacizumab (Avastin). Ocul. Surf., 10: 67-83. 

Thiel, B; Sarau, A and Ng, D (2017). Efficacy of topical 

analgesics in pain control for corneal abrasions: a 

systematic review. Cureus. 9: e1121. 

Williams, D (1994). Ophthalmology. In: Ritchie, BW; 

Harrison, GJ and Harrison, LR (Eds.), Avian medicine: 

principles and application. Florida, USA, Wingers 

Publishing. PP: 673-694. 

https://www.oecd.org/env/ehs/testing/

